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(54) Delay line antenna array system 

(57) An antenna array system combines the anten- 
na signals from separate antennas (14a,14b) using at 
least one delay (22) in the RF path cf an antenna. In 
certain embodiments, the antenna array system com- 
bines (at 1 6) the antenna signals in the Radio Frequency 



(RF) domain before analog-to-digital (A/D) conversion 
(1 8), thereby reducing the amount of hardware required 
when compared to antenna array systems where the an- 
tenna signals are combined digitally. The antenna array 
system may select parameter settings for the antenna 
array to provide enhanced performance. 




Prmed by Jouv*. 7 S00 I PAS1S (FR) 




EP 0 889 540 A1 

Description 

BACKGROUND OF THE INVENTION 
s 1. Field of the Invention 

The present invention relates to antenna arrays in general and, more particularly, to a delay line antenna array 

system. 

10 2. Description of the Related Art 

Antenna arrays have advantages ever single, omnidirectional antennas due to three general characteristics of 
antenna arrays. First, antenna arrays provide a signaMo-noise ratio (SNR) gain equal to the number of antennas. 
Second, antenna arrays can reduce muttipath delay spread and fading fluctuations of the received signal because the 
75 antenna array can focus on the reception of one or more strong path signals with low relative delays while signals with 
large excess delays can be attenuated. Third, antenna arrays can separate signals from different users transmitting 
at the same frequency. These three characteristics for antenna arrays enhance the capacity of wireless, indoor and 
outdoor networks. 

A disadvantage associated with antenna arrays is complexity. Multiple receivers are needed, one for each antenna, 
20 and existing methods of combining the different antenna signals are rather complicated and costly. For example, if the 
different antenna signals are combined digitally, analog-to digital converters are required for the different antennas. 
Accordingly, an antenna array system is needed which provides the advantages associated with antenna arrays while 
reducing the complexity and costs of current antenna array systems. 

25 SUMMARY OF THE INVENTION 

The present invention relates to an antenna array system which combines the antenna signals from separate 
antennas using at least one delay in the RF path of an antenna. In certain embodiments, the antenna array system 
combines the antenna signals in the Radio Frequency (RF) domain before analog-to-digital (A/D) conversion, thereby 
30 reducing the amount of hardware required when compared to antenna array systems where the antenna signals are 
combined digitally. In accordance with other aspects of the present invention, the antenna array system selects delay 
settings for the antenna array to provide enhanced performance. 

BRIEF DESCRIPTION OF THE DRAWING 

3S 

Other aspects and advantages cf the present invention may become apparent upon reading the following detailed 
description and upon reference to the drawings in which: 

FIG. 1 depicts a general block diagram of a receiver using an embodiment of the antenna array system according 
■*o to the principles of the present invention; 

FIG. 2 depicts in block diagram form another embodiment of the antenna array system according to the principles 
of the present invention; 

FIG. 3 depicts a flow chart showing an embodiment of the operation of the antenna array system according to 
certain principles of the present invention; and 
<*5 FIG. 4 shows a particular embodiment of a variable delay as a cascade of switchable delay lines according to other 

principles of the present invention. 

DETAILED DESCRIPTION 

so Illustrative embodiments of the antenna array system according to the principles of the present invention are de- 

scribed below as the antenna array system might be implemented to reduce costs and enhance performance cf a 
wireless receiver. 

FIG. 1 shows a simple block diagram of a receiver 10 using a simple embodiment of the antenna array system 12 
according to the principles of the present invention. 
55 The antenna array system 1 2 includes separate antennas 1 4a and 1 4b which have spatial separation and/or different 
polarisations. A combiner 16 combines the signals from the separate antennas 14a and b. In certain embodiments, 
the antenna signals are physically combined in the RF domain before analog-to-digital (A/D) conversion by an A/D 
converter 18 in the remainder 20 of the receiver 10. The antenna 1 4b is connected to a delay 22. The delay 22 can be 
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set to a delay invoking a lagging phase rotation of the center frequency of the channel to be received. For example, 
in this particular embodiment, the delay 22 can be set to lagging pnase rotations of 0, 90, 180 cr 270 degrees. Alter- 
natively, the delay 22 can be set to other phase rotations, and :ne differences between the phase rotations are not 
necessarily equal. Additionally, in this particular embodiment, a single delay 22 is shown in the earn of the antenna 

s 14b, but an additional delay is possible in the path of the antenna 14a. 

The antenna array system 12 includes processing circuitry 24 which can include a microprocessor (not shown) 
running software, memory (not shewn) and/or detection circuitry (not shewn) according to aspects cf the present in- 
vention. The processing circuitry 24 can alternatively be a portion of receiver control circuitry and/or a digital signal 
processor (DSP). Additionally, the processing circuitry can include an application specific integratec circuit(s) and/or 

to various discrete components. 

In this particular embodiment, the processing circuitry 24 sets a delay line 22 to rotate the center frequency of the 
channel to be received to zero (0) degrees. Upon reception of a transmitted signal in the receive channel, the processing 
circuitry 24 of this particular embodiment obtains signal quality information for the transmitted signal in the receive 
channel at 0 degrees and retains the result. In this particular embodiment, the processing circuitry 24 stores the result 

is in a memory location 1. In this particular embodiment, the signal processing information is provided over line 31 from 
a demodulator 33 using a DSP. Depending on the application, the processing circuitry 24 can measure and determine 
signal quality information from the transmitted signal. The processing circuitry 24 can also receive and use signal 
quality information from the demodulator 33 without requiring additional calculation, or the processing circuitry 24 can 
receive signal quality information measured by other components and perform additional calculations and manipulation 

20 of the signal quality information to obtain the desired signal quality information. Signal quality information can include 
a power estimate from the Automatic Gain Control (not shown) arid/or the Mean Square Error from the equalizer (not 
shown). Alternatively, line 32 can provide received voltage which in some applications can give sufficient information. 

The processing circuitry 24 then sets the delay line 22 to rotate the center frequency of the channel to be received 
to -90 degrees. Upon receiving the transmitted signal in the receive channel, the processing circuitry 24 obtains the 

2S signal quality and stores the result in a memory location 2. Next, the processing circuitry 24 sets me delay line 22 to 
rotate the center frequency of the channel to be received to -1S0 decrees. Upon receiving the transmitted signal in the 
receive channel, the processing circuitry 24 obtains the signal quality of the received signal and stores the result in 
memory location 3. Finally in this particular embodiment, the processing circuitry 24 sets the delay line 22 to rotate 
the center frequency of the channel to be received to -270 degrees. Upon receiving the transmitted signal in the receive 

30 channel, the processing circuitry 24 obtains the signal quality and stores the result in a memory location 4. In mis 
particular embodiment, me processing circuitry 24 examines the contents of the above memcry locations 1-4 and 
selects which delay line setting resulted in me desired signal quality with respect to the applied quality measure. The 
processing circuitry 24 sets the delay line 22 to the corresponding setting and proceeds in processing the remainder 
of the received signal in me channel to be received. Alternatively, the desired signal quality for an antenna path can 

35 be determined by using a variable storing the most desirable signal quality value and a variable storing the correspond- 
ing delay value for the path and replacing those values when a more desirable signal quality measurement for the 
antenna path is made. 

FIG. 1 shows the signal path fcr the antenna 14b comprising me delay line 22 and a switch GO. The signal path 
for the antenna 14b is shown in RG. 1 directly connected to me combiner 16. In certain embodiments, the processing 

40 circuitry 24 can disconnect the signal path for the antenna 14b using the switch 30. After which, the processing circuitry 
24 determines me signal quality of me transmitted signal through me signal path of the antenna 14a only and stores 
the result in an extra memory location 5. As such, the processing circuitry 24 can examine me signal quality of me 
transmitted signal with only me antenna 1 4a in addition to me signal qual try measurements for the various delay settings 
in me signal path of the antenna 1 4b. If the signal quality of the transmitted signal with only me antenna 1 4a is desired, 

45 the processing circuitry 24 can proceed in processing me remainder of me received signal with only me antenna 14a. 

FIG. 2 shows a block diagram of an embodiment of a receiver 40 which uses more than two (2) antennas according 
to the principles of me present invention. This particular embodiment has n circuit paths where patft i is the ith path tor 
i = L.n Each path i has an antenna 14i (A,), a delay line 22i (D,). a switch 30i (S,) and optionally a low noise amplifier 
32i (Gi). The low noise amplifier 32i can be configured to replace me switch Si to turn me path i off and on. The delay 

so line 22k me switch 30i and the amplifier 32i can be cascaded in a different sequence. The outputs of alt the paths i are 
summed by the combiner 16 and fed to me remainder 20 of me receiver 40. In this embodiment, me remainder 20 of 
me receiver 40 includes an ana!og-to-digital conversion of me output from me combiner 16. 

In mis particular embodiment, the switch 30a of the first path is always on, so me switch 30a can be removed. The 
delay line 22a (D,) in this particular embodiment only provides a reference rotation D,=0. Alternatively, different delay 

ss values or settings for the delay line 22a can be examined, and me path 1 of the antenna 1 4a can operate in the same 
manner as other paths i with miner changes in the described scheme. In mis particular embodiment each of me ether 
delay lines 22b-n (D 2 -D n ) are capable of decrementing the phase of me center frequency of me band in m discrete 
steps as controlled by processing circuitry 44. For each of me delay lines 22b-n (D 2 -D n ), the processing circuitry 44 
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can decrement the phase of the cemer frequency from 0 to almost 360 degrees, i.e., dj = [0,(1 •360)/m, (2*3S0ym t ... 
((m-i)*360)/m]. Although in this particular embodiment the decrements are equal, the phase decrements cr shifts are 
not necessarily equal. 

The processing circuitry 44 adjusts the delay values for the delays 22a-n for enhanced reception in an affective. 

s efficient and simple manner according to the principles of the present invention. Initially, reception cf the transmrtted 
signal occurs using only the antenna 14a (path 1). and the processing circuitry 44 receives and/or determines the 
signal quality value lor the transmitted signal and retains the signal quality value, for example, by storing the s.gnaJ 
quality value in memory as a variable. Next, the processing circuitry 44 switches cn the second antenna 1 45 (path 2) 
by sending a signal to the switch 3Cb (Sa). The path 2 starts with a phase zero delay (d,). and in this particular em- 

10 bodiment, the processing circuitry 44 stores the signal quality for the received signal in another memory location for 
comparison with the other delay values ..d m in determining the best signal quality value for the path 2. The processing 
circuitry 44 then changes the delay value d, ol the delay 22b in decrements steps and at each step m this particular 
embodiment, the processing circuitry 44 determines the signal quality for the received signal and compares the current 
signal quality value for the path 2 with the previous best signal quality value for the path 2. The processing circuitry 44 

is determines the best signal quality measure and corresponding delay for the path 2 and sets the delay 22b to the delay 
value dj. Additionally, an overall best signal quality measure variable can be maintained throughout the procedure, and 
if a path i with any of its delays does not improve the overall best signal quality measure, the processing circuitry 44 
can turn off that path i. 

After the delay 22b for the path 2 is set, the processing circuitry 44 adds path 3 (if there is a path 3), and the delay 
20 22c is set following the same procedure as described for the path 2. As such, as the paths i are being added, the 
processing circuitry 44 sets the delays i to the best delay settings or values o- for each path i in a sequential and 
cumulative manner. Alternatively, the processing circuitry 44 could determine and retain which paths provided the 
highest signal quality and set the corresponding delay lines 22i to the best delay settings dj found after ail the paths 
have been examined. 

25 FIG. 3 shows a Mow diagram cf a particular embodiment of the operation of the antenna array system 42 (FIG. 2) 

according to certain principles of the present invention: In this particular embodiment, the processing circuitry 44 retains 
the best signal quality value and the corresponding best delay j for each path i. As the signal quality for the received 
signal is determined for each delay value dj, the processing circuitry 44 sets the delay 22i to the delay value resulting 
in the best signal quality value for the path i. Initially, the processing circuitry 44 turns off the switches 20b-n (Sj-SJ 
30 at step 50 and sets the delay 22a to an arbitrary delay value, such as zero (0) degrees. The receiver 40 receives the 
transmrtted signal using only the antenna 14a (path 1 ). and the processing circuitry 44 determines the signal quality 
of the received signal and stores the signal quality measure as the initial overall best signal quality measure at step 
52. Alternatively, the processing circuitry 44 could cycle through decrements! delays for the delay 22a of the path 1, 
determine the signal qualities for the various delay values of the path 1. and maintain the delay value corresponding 
35 to the best signal quality measure fee the path 1 . 

The processing circuitry 44 then establishes a loop 54 to cycle through the remaining paths 2 through n. and fcr 
each path i, the processing circuitry 44 in this particular embodiment determines the best signal qualiry fcr the received 
signals and the corresponding delay. If the signal quality for the received signal with the current path i and a current 
delay value dj is better than the best signal quality measure for the path i. the processing circuitry 44 replaces both the 
40 best signal quality measure for the path i with the improved signal quality value and the previous best delay value with 
the new delay value dj. As shown, the block 54 starts with i=2. and the processing circuitry 44 adds the second antenna 
14b (path 2 ) at step 56. Step 56 will sequentially add a new path i, and at step 57. the best signal quality for the new 
path i is initially set at 0 in this particular example. The processing circuitry 44 establishes another loop 58 from 1 to 
m for j to cycle through the decremental delays dj for each path i. At step 60. the delay for the path i is set to an initial 
45 delay value dj. At step 61, the processing circuitry 44 measures the signal qualities of the received signals with the 
path i added having a delay value dj for the delay 22b. 

At step 62, the processing circuitry 44 determines whether the current signal quality measure for the path i is 
greater than the previous best signal quality measure for the path i. If not, the processing circuitry proceeds to the 
block 58 to provide another phase delay value dj for the path i. If so, the processing circuitry 44 proceeds to step 64 
so to set the best signal quality value for the path i as the current signal quality measure which improves the current 
best signal quality for the received signal. The processing circuitry 44 sets the best delay value Di for the path i with 
the delay value corresponding to the best signal quality value for the path i at step 66. After the processing circuitry 
44 has measured the signal quality of the received signal for all the delay values for the path i, the processing circuitry 
44 determines at step 68 if the best signal quality of the path i has improved the overall best signal quality. If the best 
ss signal quality for the path i is greater than the current overall best signal quality, the processing circuitry 44 sets the 
overall signal quality to the best signal quality at step 70 because the path i with the delay 22i set to delay Di improves 
the overall signal quality. If the best signal quality for the path i does not improve the overall signal quality, the processing 
circuitry turns off the path i at step 72. 
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The processing circuitry then proceeds to block 54 to add the next path i. The next path i is examined in the same 
manner as the previous path. It all the paths i have been examined, the processing circuitry 44 will receive signals 
fusing the paths and the delay settings obtained through this particular embodiment. The processing circuitry 44 can 
maintain these-delay settings "unm* the"' receiver^O" (FIGV2) determines that the procedure must be invoked again. 
Alternative control schemes are possible, For^exampje, the processing circuitry 44 could usealltte paths i and use 
the delay vaEies^restilting Inthe besfs?gnal quality-values for each path i without turningol liny paths i. Alternatively, 
the processing.cjrcuitry 4^canstore ajt the signaUjuality measurements along wfththe corresponding stored values 
of path and 6etay ancf^erfoPm^^ analysis of the signarquafity measurements to reset the 

paths i and.corresponding f delays.22L Additionally..thejor^er in wrjjch. paths imp/or dejays djor each i are 

• -' w 'u - ii'.'r.CJ ^.■vi:v -NG _<A :'«^CutNCi SIGNAJ- AND 

examined can be changed. 

A pseudocode procedure, implementing a particular embodiment of the operation of the antenna array system 
according to the principles* of the present invention can be written as follows: 



RECEIVED 



ATTORNEY DOCKET MO . : 2 97 -0105" ~ -73 ( PAR) 
75 BEGIN 

Turn SwitchJ with i =* 2~ jj all off, 
~ ~ 7V r-± cC'to.comnieacc only^wjih^aih \f) , . 0 t? /7fv? 

~6verail Best Signal Quality- Of ^ 
r a s - i pMosure Signal Quality and store in memory with corresponding i arid j valued " y .- TTy'-r^ rv-. ^ 
20 ("*in this case i=lj=arbitrary*) C: u " u &t CQUQ 

FOR i=2 to n (*Successiveiy adding Paths by closing SwitchJ*) 
DO 

BE CTfl-SMZ^TAl I>;F0R>^ATIC>' Z I i CLOSURE STATEMENT 
Add Path j; 

25 Best Signal Quality » 0; 

For j=*l to m ('delay line of Path i is switched stepwise*) 
DO 

BEGIN 

Set delay of path i toj 



3S ~* " Measure Signal Quality and store in memory with corresponding i 

: . _ . . _ and j values; 

IF Signal Quality > Best Signal Quality 

THEN 

BEGIN 

40 - -Best Signal Quality :» Signal Quality; - z-.ri: " 

Best Delay »j; (*The i-th path gets delay setting j*) 

Zr-.v." -END; - ~ * -*---. 

, END; ^ -. v ,, 

"Set delay of padfi to Best Delay * ' ----- ■ " ■ — - - — ~- • 

45 . if Best Signal Quality > Overall Best Signal Quality, . =r ---^^ ~- - 

" Overall Best Signal Quality - Best Signal Quality; "~ 
else turn off switch i -± - ^ , r - . : :.:r.n*i~ r.^r^in ~o : 
END; 

END. - - - 

so — - ~~ . - 

FIG. 4 shows a particular embodiment of a delay line 22 (FIG. 1, FIG. 2) which can be used in particular embod- 
iments according to the principles of the present inventicfl. The delay line 22i includes (micro)stripline elementsJ30e^ ^ ^ . 
and 80b and corresponding switches 82a and 82b.' The processing circuitry 44 (FIG. 2) sends control signals over line' 
ss 84 to control the different switches e2a and b. By controlling the switches 82a and b, the processing circuitry 44 can 
change the delay value dj for the variable delay 22i in steps according to the principles of the present invention. For 
example, the processing circuitry 44 could start examining the various delay values Oj for. the path i with the switches - r 
82a and 82 b in the bottom position for the smallest delay. The processing circuitry 44 could change the delay value 
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cited United States Patent Nos. US 5,068,668, US 
dj for the delay 22i by switching the switches 82a to me top position to introduce the delay value associated with the 
stripline element SOaSTo increase the delaylvalueidjeyenlurtDex tfw processing circuitry 44 could switch theswitches 3954 0 
92b to the top position to introduce the delay of the stripline element eOb. In this particular embodiment, only two 
stripline elements SOa and 6Cb are shown, but additional stripline elements can be added to increase the amount of 

s delay and/or to increase the resolution between the different delay values for the delay 22i. Additionally, the stripline 
elements could be different, thereby introducing differing amounts of delay. Finally, the delay dj for the delay line 22i 
could be such that the corresponding phase rotation exceeds 360 degrees. 

Accordingly.ihe present invention provides an antenna array system'fo'r a wi reless~re~ce'ive r that^rovides enhanced Cited 
performance with a relatively simple solution. The antenna array system according tojhe^principles of the present 

10 invention prwfde^s^ulcl^l^d^elficienf enhancemenYcf signal reception by using an anmnna'arFay ^with at least -one 
antenna path having a delay. The delay value of the delay can be varied, and the delay value resulting in a desirable 
signal quality as measured by a signal quality measurement(s) is maintained. In accordance with certain aspects of 
the present invenjion.ahe^antenna array system. provides enhanced performance in a relatively shomraining^time by 4- 
starling with one'antenha Ipatr? f)faija1rfg r a secbnd ahtenna^path^)".* varying the delay value assoclated withn'heV * L - 

is second antenna to find.a detayxonnguration j/yhfch\,pr pyides. the relative best signal qualityjor to received signal, jn ^ ^ 
certain embodiments? a mird"anteri'na (pitfi 3) of rncre~is addec? in this'sequential manner, and thVdetay values afe ^ 
varied according to the principles of-the present invention to find a new delay configuration resulting in A??** relatively 
best signal quality for the received signal. 

Certain embodiments of the antenna array system according to the principles of the present invention continue 

20 determining delay configurations resulting in better signal quality until all antennas and their associated delays are 
connected and/or have been examined. Other embodiments can stop determining delay configurations resulting in 
better signal qualities once a desired signal quality is achieved. Especially in the case of a two antenna array, the delay 
configuration resulting in enhanced signal reception is realized very quickly which is very important in novice wireless 
applications in which the training time has to be designed as short as possible. Thus, the antenna array system ac- 

2S cording to tne-pHncipleVoT'the present invention provides enhanced receiver performance and the advantages of 
antenna arrays without the costs or drawbacks associated with current antenna arrays. 

Alternative configurations of the antenna array system according to the principles of the present invention are 
possible which omit or add components, use different schemes, use different delays and/or different delay steps, and/ 
or perform variations.oUhe.abcveHdescribed,antenr^a^array"system and control thereof. For example, the dela y lines 

30 22i (FIG. 2) could be chosen to have particular delay ratios, such as 1 :2:4 .... This binary configuration enables n control ^ 
lines from the processing; circuitry 44 (FIG~2)to set ^delays. Other alternative embodiments can be used which ire ^ 
encompassed by the principles of the present invention to provide rapid enhancing of signal reception by using an 
antenna array ol af least two ante'nrias with at least one variable delay and summing the signals from the two paths 
after the variable delay . . r ■ _ : ^ r -• - ■■- - - * ~ 

35 The antenna array system Has" been describ'ecl as'ifeirig comprised several simple components, but it should be 

understood that the antenna array system and porticrs thereof can be employed using other forms of delays, switching 
arrangements, and processing circuitry and variations in the antenna array system and control configuration. For ex- 
ample, the processing circuitry or portions thereof could be employed in existing processing circuitry such as the re- 
ceiver control processor or digital signal processor. Additionally, the antenna array system according to the principles 

40 of the present invention can be implemented utilizing various combinations of application specific integrated circuits, 
software driven processing circuitry, and/or other arrangements of discrete components. What has been described is 
merely illustrative of the application of the principles of the present invention. Those skilled in the art will readily rec- 
ognize that these and various other modifications, arrangements and methods can be made to the present invention 
without strictly following the exemplary applications illustrated and described herein and without departing from the 

45 spirit and scope ol the present invention. 



Claims . " ~ : - --. - - ' - - - - - r.. - . . : - - . - ~ . - - - - - r._^ 

so 1. An antenna aFray system, said system CHARACTERIZED BY: - - - - - * ------ . 

a first antenna receives communication signals and corresponds to a first path for said communication signals; 
a second antenna receives communication signals and corresponds to a second path for said co/pmunication 
signals, "said second path having aTdelay for said communication signals;' and ~ ~ - - - - 

55 a combiner coupled to said first path and said second path, receives said communication signals from said 

first and second paths and combines said cornmunicatioh signals from said first and second paths. 

2. The antenna array system of claim 1 CHARACTERIZED IN THAT said combiner combines said communication 
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lAFOR.UffiON DISCLOSURE *ckci No.: V)7-i)\<o. ~ ;>.?ARj Sorinl No • 09-931.10! 

CITATION FORM FOR u - A n^^ium, 

i> 3. T! The antenna^rray system of claim 2 CHARACTERIZED BY a switch connected in said second path which turns 

s said second path oft and on. 

(FORM PTO-1449) 

4. The. antenna array.system of claim 2 CHARACTTE^ZED, BYa low noise amplifier connected in said. second path. 

5.-^e^mennaa«ay^ 

-'>o- : '' a^Witcfcaadj^^ __L_:l:-_ Li£ii L^:. s ° 1,a ^ 

5.06S.&6S 11 2o^l Tsiidaetal. ■ ?42 ' 3o2 : S 

T: 6. The antenna array system of claim 2 CHARACTERZEDJNJHAT said delay is a variable delay and processing : , , 
' " ' - "circuitry is configured to control said variable delay to change ^ ; ~ 

: ! j 

is , 7.Y-The antenna array system of claim 2 CHARACTERIZED IN THAT said first path includes a delay. j | 

8. The antenna array system of claim 1 CHARACTERIZED IN THAT said delay is configured as^^troJIaWedelay^ =™ 
line constructed of a cascade of switchable delay fines to provide variable delays. ■ w - j™ : v d "L* 

"20'- 9. An antenna array system, said system CHARACTERIZED BY^ ,- £P f) 3 23 J C ! 

a pturatity of antennas receiving communication signals, each antenna corresponds to a separate path.for., farr-. 
said communication signals; v ? 
a delay in at least one of separate paths; and 
2S a combiner coupled to said separate paths, receives said communication signals from said separate paths 

and combines said communication signals from said separate paths. ; 

10, The antenna array s ystem of claim 9 CHARACTERIZED BY a plurality o f said separate paths having delays. ! 

*OR£IGN PATENT i- ^\^M< 
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- S';MVA?Y Cr~E INVENT! 



^ rss-r,; r/er.t.c ; a ales :c ar am trrta arra> 3>$.ar: ■-~icr. 



1 



-, . . i -.F oath cf an artsrna 'r ; 
- c a s tr a an ten r a s i J r.ai; n tr- s -ac -oF = cu ency . = F dcr**| n c J o = s " a ^ 



artsnras --5;-« a: : eas: ne 



^ o] artsr.r.a sicnais Irom ssca.-sta 
s^cd-i -ants the ar.tenna array svsien 
richa: ;A/D) ocrversicr., there ov 



*:*e arrcunt ci r a-c, a.*a j r vd '/I'.cr, rcmcare^ :o ai tarfji ^ "3 / w ??sr s were tra antenna sicr.a^ ara 

- a a Tay sy s? ? a acts :o av 




Hit Pfl 



r o v - : zi'± -~ 



PROCESSING 



■ ::.:::':,r; 'z'-.i ~rr:;z ^ 
. ir t cr.rd a. ray syoter-; ico-crc rq 'o 
^^rao:G "?!ay ires acccf^rc to oT.sr 



•- 3. * 0-90 a aene^a o:cc-«; d'aorar- of" a ^=csty3 r -.s ^ r ar arrcoc 

" j ,. ;-o n C:CCa raorar or-r a~:^ar srcoo ^ • : ; » 
o rvar.-c-^ 

- j. 3 o£C.c.3 a Htrvv crar: sncwr; an a^occtrr-sr; oce^. , 
;-rtar. c>c ; c es ci ;hs orassr.t rvsnilco: arc 

- 1 ±s-z .si a oar.cLar ^r-occl-er* r a . a^ao^ :9 a; aa a oas : 
;r-r-; c*a^ : te c- rvs-^cr. 

C£-A ? L5SC£5Ca<PTICN 

-=:.-a:.\3 -ir-ccc-rrerts z' tr-a ar ama a-ay s r 's:a*-~ ao.:ororc ;r / i . r; ; ?3 c« ?*s srsser.; rv^:-cr. oe- 

■5-: • "-y-o :ec.v as T.e antenna arrav sys'rrrs rr;«or* oe rx a~ artac *o ■: - - :c^;5 and er.rarcs oencrrrvar.cs .of a 
r?^5i -e-0£.*.^r. 

" ; 5r;^.xt:;a:'i~ :iv;;r,t: Z .a.r^ a s.r.-^ .c. . ~ *oo... ;f ^5 antanr-s ar^. ; v.st;- J 3. 
o~^*o "::tco^ :i t.q c£05*"'. rv^r T o r . 

— - : - — * ^ "7:0 : \'-v " ■ * 7 zva ~oo - m z- c 1* " o r o ."v^r; 

■.. :*: ■ . -r- : - i"0 . - i:;::. - 

- v ■ , ^-^ :z — - "-'0 - -= " r ■ : . - : ;*ta ^,-'5cr ; o* - 

• • - - - . z-z'z-' v: . ■ : - " : *: 1.* ""-■-*-=. „ * ■ 



10 



EP 0 889 540 A1 



sis/ r.vo.<if'c a <ao^Mg z'-^se ;c:=;.cn ct *.re tsr.tef .-scare/ :~= ; 
:.ctj!sr efrocci^e'-*T ire z~ -.y 22 :-3n :c xzcrz *■;;-' cr. 

av 22 car be 33*. ^ r.rsr erase 



it:crs. arc '."2 z ~ 



: ^All Europe P.Unt . EUROPEAN SEARCH REPORT 



; SC. "SC c 27 j 
■£5"! ;rc pr.a= = : 



: -cr ex an p. e, 
grass A;*.er- 
c-srlcrs are r.ci 



~"' r "» rApp fl e ati onNumfaW - • «= 

EP 98 39 4938 

?. fierce r cesser .r.ct sr.cwrS 



Category 



- DOCUMENTS CONSIDERED TO BE RELEVANT 



£p-9 : 709 : 974 A "( NORTHE RN "TE LECOM 1 " LTO ) 
l"Hay 1996 -r-^-~---- :r . .;,-r: ^ 
*-page- 2, 'column "45-53 * 1 

?■ :page 4v*:l ine* 8 * « page '3 ; * 1 i ne 1; : figure - 



"Cfctficn of dbcunent wth in'dcisdoft, wtw» appro pri alt, 
— ••* » - of recant poaagat 



' c - ar amcccr to 3..:,; 
: i a * z'^ z\ cr. re ^~ :: ; c?: sr.. 



ElTOl4 833 A (Hi feCHMANH'' RICHARD GMBH" . * 

CO). 6, 0ec«^t"',19W.V/-.:.. .V- . V'-T 

*- column ^ line "48 - column 9/ lihe~17; *" 

f igunTl-*" j ' ft : \l l^JrV;/."' 

EP^O 416 264 A: (HUGHES AIRCRAFT CO) ~ r 
13:Harch-1991r- a; ^ ,2 'c::'=:3?i 

♦column 2. : l1ne 43 — column ^ line : 20; 
figures 1,2 * : - - : » ^ ; 

US "5 "084 788 A' (CHAHPEAU ANDRE ET AL) V 
28 January 1992 - -■ - 

* ioiumn 4, -line 49 -* col uniTsr- line 7; : ^ 
figures 4;2 : * ^ - ■' -^2^: 

US 4 7^7 ^318 :A (PULS1F.ER PAUL I ET AL) - - 
12 July 1988 : / - - : . ■■- 

* column 2, .line 51 - column 3 line, 27 * 

* column "4, line 3-29; figures 2,3 *\ : 

EP 6 794 984 A " (OELCV ELECTRONICS CORP) " 
3 April 1996 

* column 7, line 53 - column 8, line 44; 
figures 4,5 * . --i---v- : 

US 5 475 875 A (KATSUYAMA TSUTOMU ET AL) 
12 December 1995 . 

* column 3, line 15 - column 4, line 67; 
figures^ 1,2 * 



Thm praaaot March report has baart drawn up for alt daima 



THE HAGUE 



Mavant 
to daim 



1-3.6-ie 

4.5 . 

i-3;6-ie 
1,8- ie 

1.8-10 



1,8-10 



1.9 



4.5 



M» at flonpKOM 4 th« Mafelt 

18 September 1998 



CLA3SmCATTON OF THE 
APPLICATION (IntCLS) 



H01Q3/26 " : 
HG4B7/08 "; 

r.cr s y~\ C9C zk . 



-THCHMCAt R6LD3 ~ 3 
f jntCLB) 



H91Q 

H94B : : : ; 

.•;-;S ^ zizc-: 



Van Dooren*,."6. 



. ^ CATtGOflnr of crruo oocyworra 

X : pa^cu tarty ralavant I tafcan atooa 

Y : pMteitaify i*i«vaal ff oofntalMd will anott 

doc um ant of tfca urn* oatoaoqf 
A : toatmobabd bMfqmMd 
O : Mo-wrlBan drndomun 
P : tfft»mwdka» dooumant 



r:thaory of prino»>a wdartytng tt*a ta »aii Wnn - 
E : «w<W pMKit JuiaaiM< <. b< p>a*fchad on, or ~ 

aftar ttafltngdaat , ^ , - ^ 

O : doatanant etad la fta appda^on 
:L:doeumtntetadlbtotiari*aaona • - " ■ 

ft : tmntm of tha um pctiat Uirdy, oonv^ondtna 



.'2C31V9C 

r^7 22 :c 



11 



ER 0.889 540 A1 



s^^r^r: erase cl ihs cer;e: f.-acus-iiy '.rem 0 '.c alrncs; ScC cag-ess, a. =j = [0. "2o. . jcu/tn. ... 
.-350^.: A.:nifgr. * tn.s par.cjssr tmtedmru tfw cecracsnts «i sr..-,. :n cf.a»s csc.-ri.-.-.s cr sr.ms a« 





"=■-2 ' DOCUMENTS 'CONSIDERED TO BE RELEVANT ; 








Category 


* c of rafovant puuott * :■ -: r-3.*'/ r-s - 


--todaim 


" ClASSlRCATtON OF THE 

r APPLICATION jliiLCU) ^' 








PAtENT ABSTRACTS* OF JAPAN^" 1 "' r 1"^"! "*t": 
vdi: : ee5; e nb.-e63 (E-054)f 2V April 1981; 
-&- JP-56 013805 -A"(T0SH1BA'C0RP;0THERS: c: 
:fll) ;.f 18-: February 1981 cu* zas: svsi ;-s,:y 
:^:abstrac,t;-*:v ^5:n3': :crc.rc >; -c; 






„ 3 - ' - a:." ._ ' = - 

" 


i cur: sr.: 


















: a 




-y c iis c^avs ~ :-ca* **c 












£ — o 






























* .'3; S r C 




; ■ cr.i.. 




zee ' z -e^ay t.^es i2: :c ve . 








;£'.rc 
















. !' 


























-■ 


TEOMCAL AELDS ^ 

.SEAACHG0_. (InLCU) £ 


* - - 














... - - : ■ - ■: * - 


: - . 


51. 
; - ■ 






























■ 






" Th» pnMnl M*rch rvport has 


b**<i drawn up tor tfl oUirm ' - - 














. PtaatfMMdi - - - - - 








Eummr 




: ; : 1. 




THE HAGUE -•" : 


'j : 18 Sept enter 1998 


Van Dooren* "6 i . * 




- 3 
a 

- s 


' CATEGORY OF CfTED DOCUMENTS 
X : putfaiitoty ntavw* f ttundm 


~ - • E:«rb patent dbaanwC, but pubi 
. . aAarflM(lfed.dati 
tmt ' ■ - ■ Q:daw»n»ntei>dtnttf ■ppfcanoa 
- - * L t doounwnt sCk! far rfiv ihm^ 


tlad on, » " " ' 
















O:no 


r\-«rffiton <fco*Mura - - 


' t : mwrtw of th* m 


IMP 


ateftftan^ 






o 
Si 


P:lnb 















12 



